We report a method for making weld joints, capable of transmitting high supercurrent densities, in bulk samples of melt textured YBCO. The joining procedure is carried out in a flowing atmosphere of O 2 to eliminate problems associated with nitrogen gas, which can become trapped in the joint. No filler or fluxing material is used. The method can be used to join large areas (several cm 2 )
I. Introduction
Bulk textured superconductors continue to hold promise for important new technological applications including high power density motors/generators, levitators, and fault current limiters. However, the bulk HTS materials cannot generally be directly produced in the melt-texturing process in sizes that are sufficiently large for these applications. Thus, methods are needed to join monoliths, of a size that can be readily and inexpensively fabricated, into final assemblies of desired size and shape for a given application. Of course, current densities across the joints must be comparable to those of the surrounding bulk material.
A number of approaches have been used, with varying degrees of success, to obtain joints capable of transporting supercurrents with high critical current densities. These approaches can be divided into two general categories: (1) joining with the use of a high T c filler material that has a decomposition temperature lower than that of the parts to be joined, and (2) direct contact joining which might include pressure loading (weighting) of the joint. For joining YBCO, fillers include YbBCO [1] [2] [3] , TmBCO [4] and ErBCO [5] . Recently, successful joints were made using Ag-doped YBCO as the filler agent [6, 7] . Direct contact welds, processed in air, have been successfully demonstrated for small area joints (several square mm of area) [8] [9] [10] .
II. Procedure and Tests
For our joining procedure, monoliths are stacked as shown in Fig. 1 so that a-b plane directions are coincident and c-axis directions are parallel. For development 3 of the joining procedure, square monoliths were cut and rejoined. The diamondsaw cut surfaces were cleaned ultrasonically and arranged as shown in Fig. 1 so that one half of the sample (~ 15 -20 g total) weights the joint during the processing step. Then the sample was processed according to the time-temperature schedule shown in Fig. 1 . This processing step was carried out in flowing O 2 at ambient pressure.
The use of an oxygen atmosphere during the joining step appears to be a critical feature for making successful large area weld joints. At the high processing temperature (~ 1000°C), entrapped oxygen will diffuse rapidly from the vicinity of the joint. However, if the processing is carried out in air (~ 80 % N 2 , 20 % O 2 ), a significant amount of nitrogen gas becomes trapped in the joint. Apparently, this trapped gas severely limits the quality of the joint, especially for large areas. It has been previously reported that melt textured bulks can be produced void-free and nearly 100 % dense by including a processing step in O 2 [7, 11] .
After the samples have been joined, the assembly is treated in flowing oxygen for 7 to 10 days at 450°C to fix the oxygen stoichiometry. Fig. 2 shows trapped field measurements from a square welded monolith, taken to test the quality of the joint.
Results are shown for a slice of the sample, 16 mm on a side and 3 mm thick that was cut across the joint, perpendicular to the c-axis. The sample was cooled to 77 K in a field of 5 kG, the field was turned off, and the trapped field was scanned.
Note that the trapped field is symmetrically distributed, with no degradation in the vicinity of the weld joint (at the center of the sample). A Jc measurement from a sample cut across the joint yields 1.04x10 4 A/cm 2 , a value that is comparable to the bulk Jc. For comparison, we also show, in Fig. 3 , the trapped field distribution from a sample of comparable dimensions, but containing an unsuccessful weld 4 joint. In this case, the field is profoundly reduced at the sample center, in the vicinity of the joint.
Welds, such as that shown in Fig. 2 , involving the rejoining of a cut monolith, are needed for developing the joining process. Rejoining of such faces avoids problems of crystallographic alignment. However, for applications purposes, it will be necessary to join independently prepared monoliths, where is becomes necessary to establish and maintain bi-axial alignment across the joined interface. Fig. 4 shows an example of joined, independently prepared monoliths. As Fig. 4 indicates, there is substantial supercurrent flow across the weld-joint, albeit reduced from the bulk value as indicated by the reduction in the trapped field in the region of the joint. Note, however, that the failed joint in Fig 3 shows a greater depression of the trapped field in the vicinity of the joint. Fig. 4 also shows trapped field measurements from a ring, which was core-drilled from the center of the sample, across the weld. The ring geometry allows easy determination of the critical current density across the joint from the magnitude of the magnetic field trapped in the bore of the ring [7] . The ring (14.9 mm OD, 6 mm ID, and 3.4 mm thick) trapped a field of 0.75 kG on the ring axis (Fig. 4b) .
The trapped field is sustained by a 620 A circulating current, yielding a Jc of 4000 A/cm 2 , about one third of the bulk Jc. Presumably this degradation, relative to the bulk, results from inadequate grain alignment (cut samples, which preserve crystallographic alignment, were successfully rejoined with high reliability). Nonetheless, it appears promising that a simple procedure can be developed for aligning and joining independently prepared monoliths.
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A simple procedure was used to align the monoliths for welding. A thin layer was cleaved from the top surface of each piece, in the vicinity of the joining faces.
These cleaved surfaces were used to establish c-axis alignment. a-b plane directions were identified from the orientation of the seed crystal or from the square patterns in the mosaic growth structure, visible on the cleaved surfaces.
In addition to joining, the thermal processing procedure in O 2 can be used to repair cracks in textured monoliths. that prevent the flow of circulating persistent current. Essentially no field is generated at the ring center. Panel (b): The trapped field after the ring was repaired using the described welding procedure. Note the substantial field at the ring center that is now generated by a circulating current. 
